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ABSTRACT
Objective: Endodontically obturated teeth have 
lower fracture resistance depending on the 
obturating material and technique. The purpose of 
this study was therefore to evaluate the influence 
of ProRoot MTA (Dentsply Sirona, Tulsa Division) 
and OrthoMTA III (BioMTA, Daejeon, Korea) as 
an obturating material on the fracture resistance 
of endodontically treated teeth. Material and 
Methods: Thirty extracted human maxillary central 
incisors were decoronated and instrumented using 
Protaper instruments (size F5). Irrigation was 
performed with 2.5% sodium hypochlorite between 
each instrument change followed by 7% maleic acid 
for one minute. Finally, canals were flushed with 5 
ml of PBS solution for one minute. Samples were 
then divided into three groups. Group I- positive 
control (no root canal filling); Group II- obturation 
with ProRoot MTA; Group III- obturation with 
OrthoMTA III. Ten teeth were randomly selected 
as a negative control in which no treatment was 
performed. All the specimens were then subjected 
to fracture strength testing using universal testing 
machine. For evaluation of biomineralization, six 
maxillary central incisors were divided into two 
groups. Group I obturated with ProRoot MTA and 
group II obturated with OrthoMTA III. These samples 
were subjected to SEM analysis. Results: Positive 
control group demonstrated the least fracture 
resistance, while OrthoMTA III group showed the 
highest fracture resistance. There was no significant 
RESUMO
Objetivo: Dentes obturados endodonticamente 
apresentam menor resistência à fratura,dependendo 
do material e da técnica de obturação. Portanto, o 
objetivo deste estudo foi avaliar ainfluência do ProRoot 
MTA (Dentsply Sirona, Tulsa Division) e OrthoMTA III 
(BioMTA, Daejeon, Coréia) como material obturador na 
resistência à fratura de dentes tratadosendodonticamente. 
Material e Métodos: Trinta incisivos centrais superiores 
humanos extraídosforam decoronados e instrumentados 
com instrumentos Protaper (tamanho F5). A irrigação 
foirealizada com hipoclorito de sódio a 2,5% entre cada 
troca de instrumento, seguida por ácidomaleico a 7% 
por um minuto. Finalmente, os canais foram lavados 
com 5 ml de solução de PBSpor um minuto. As amostras 
foram então divididas em três grupos. Grupo I - controle 
positivo(sem preenchimento do canal radicular); 
Grupo II - obturação com ProRoot MTA; Grupo III 
-obturação com OrthoMTA III. Dez dentes foram 
selecionados aleatoriamente como controlenegativo, 
no qual nenhum tratamento foi realizado. Todas as 
amostras foram então submetidas atestes de resistência 
à fratura usando uma máquina de teste universal. Para 
avaliação dabiomineralização, seis incisivos centrais 
superiores foram divididos em dois grupos: grupo 
Iobturado com ProRoot MTA e grupo II obturado com 
OrthoMTA III. Essas amostras foramsubmetidas à 
análise SEM. Resultados: O grupo controle positivo 
demonstrou a menorresistência à fratura, enquanto 
o grupo OrthoMTA III apresentou a maior resistência 
à fratura.Não houve diferença significativa entre o 
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INTRODUCTION
I t has been widely considered that endodontically treated teeth are more 
susceptible to fracture than vital teeth [1-
4]. This is because endodontic procedures 
can result in structural and chemical changes 
of root canal dentin that render the tooth 
prone for vertical root fracture (VRF). There 
are several factors which are responsible 
for the brittleness of endodontically treated 
teeth. Endodontic procedures include caries 
excavation, access cavity preparation and root 
canal instrumentation, which obviously result 
in loss of tooth structure. Apart from this loss, 
tooth biomechanics are altered when root canals 
are irrigated with various irrigating agents and 
also by the prolongued placement of intracanal 
medicaments. Other factors such as obturation 
techniques and post placements have also 
been associated with vertical root fracture in 
endodontically treated teeth [5-7].
One approach to prevent VRF in 
endodontically treated teeth is to reinforce the 
residual tooth structure by the root canal filling 
material [8]. The use of gutta-percha and sealers 
has remained the standard of care for obturating 
the root canal in endodontics in spite of its poor 
adhesion to the dentinal walls of the root canal 
system [9,10]. Recently, it has been suggested 
difference between negative control group and 
ProRoot MTA groups (p=0.821). OrthoMTA III 
group showed better tubular biomineralization 
when compared to ProRoot MTA. Conclusions: 
Root canals obturated with OrthoMTA III had 
better fracture resistance and increased tubular 
biomineralization compared to ProRoot MTA. Since 
root canals obturated with OrthoMTA III had better 
fracture resistance, it can be used as a promising 
obturating material.
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III; ProRoot MTA; Root Canal; Tubular. 
PALAVRAS-CHAVE
Biomineralização; Resistência à Fratura; OrthoMTA 
III; ProRoot MTA; Canal radicular; Tubular.
grupo controle negativo e os grupos ProRoot MTA 
(p= 0,821). O grupo OrthoMTA III apresentou melhor 
biomineralização tubular quandocomparado ao ProRoot 
MTA. Conclusões: Os canais radiculares obturados com 
OrthoMTA IIIapresentaram melhor resistência à fratura 
e maior biomineralização tubular em comparação como 
ProRoot MTA. Como os canais radiculares obturados 
com OrthoMTA III apresentarammelhor resistência 
à fratura, podendo ser utilizado como um material 
obturador promissor.
that mineral trioxide aggregate (MTA) was able 
to produce a tight seal with the root dentin 
walls that was superior to many other existing 
materials [11,12]. MTA is hydraulic cement 
that consists of fine hydrophilic particles of 
tricalcium oxide, tricalcium silicate, bismuth 
oxide, dicalcium silicate, tricalcium aluminate, 
and calcium sulfate dehydrate. In the presence 
of water or moisture it forms a colloidal gel that 
solidifies to form hard cement. However, the 
ability of MTA to strengthen the tooth structure 
has been studied with controversial results. 
White et al. demonstrated weakening of dentinal 
structure in short term and attributed this effect 
to the structural alteration of proteins caused 
by the alkalinity of MTA [13].  Andreasen et 
al. did not find a significant increase in fracture 
strength when immature sheep teeth were filled 
with MTA and compared with control (without 
filling) teeth [14]. Conversely, a strengthening 
effect of MTA has been shown in other studies 
[15,16]. 
OrthoMTA (BioMTA, Daejeon, Korea) is a 
newly developed calcium silicate cement which is 
known to have shorter setting times (5 h 30min) 
and less heavy metal content [17,18] when 
compared to ProRoot MTA (Dentsply Sirona, 
Tulsa Division). Furthermore, the heavy metal 
content of Ortho MTA was reported to be lower 
than that of ProRoot MTA [19]. Chang et al. 
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[17] has revealed that, ProRoot MTA contained 
traces of arsenic (1.16 ppm), whereas Ortho 
MTA did not. According to the manufacturer, 
OrthoMTA prevents microleakage by forming 
an interfacing layer of hydroxyapatite between 
the material and the canal wall. Furthermore, 
it releases calcium ions through the apical 
foramen, which may induce regeneration 
of the apical periodontium [20]. Yoo et al. 
reported that, the OrthoMTA-PBS paste has an 
antibacterial effect in infected root canals [21]. 
Recently, OrthoMTA III (BioMTA) has been has 
been launched. Zirconium oxide has been used 
a radiopacifier to prevent tooth discoloration 
compared to the older version of OrthoMTA, 
which contained bismuth oxide as radiopacifier. 
The main composition of ProRoot MTA is 
Tricalcium silicate, (CaO)3 SiO2; Dicalcium 
silicate, (CaO)2 SiO2; Tricalcium aluminate, 
(CaO)3 Al2O3; Tetracalcium aluminoferrite, 
(CaO)4 Al2O3 Fe2O3; Gypsum, CaSO4$2H2O; 
Free calcium oxide, CaO; and Bismuth oxide, 
Bi2O3
The hydration reactions of ProrootMTA 
can be explained as follows:
(A) 2[3CaO. SiO2] + 6H2O → 3CaO. 
2SiO2. 3H2O + 3Ca(OH)2
(B) 2[2CaO. SiO2] + 4H2O → 3CaO. 2SiO. 
3H2O + Ca(OH)2
The main composition of OrthoMTA III 
is Tricalcium silicate, (CaO)3 SiO2; Dicalcium 
silicate, CaO)2 SiO2; Tricalcium aluminate, 
(CaO)3 Al2O3; Tetracalcium aluminoferrite, 
(CaO)4 Al2O3 Fe2O3; Free calcium oxide, CaO; 
and Zirconium oxide, ZrO2
The hydration reactions of OrthoMTA III 
can be explained as follows: [22]  
(A) 2[3CaO . SiO2] + 6H2O → 3CaO. 
2SiO2. 3H2O + 3Ca(OH)2
(B) 2[2CaO . SiO2] + 4H2O → 3CaO. 
2SiO. 3H2O + Ca(OH)2
(C) 6CaHPO4.2H2O + 3Ca(OH)2 → 
Ca9(HPO4)(PO4)5(OH) + 17H2O 
To date, no studies have evaluated the 
efficiency of OrthoMTA III in reinforcing the 
endodontically treated teeth when used as an 
obturating material. Hence, the aim of this study 
was to evaluate the influence of ProRoot MTA 
and OrthoMTA III as an obturating material on 
the fracture resistance of endodontically treated 
teeth. This study also investigated and compared 
the biomineralization ability of ProRoot MTA 
and OrthoMTA III cements when used as a root 
filling material. The null hypothesis tested was 
that there was no influence of either obturating 
material on the fracture resistance of root canal 
treated teeth.
MATERIAL AND METHODS
Ethical clearance for the use of human 
teeth for the experiment performed in the present 
study was obtained from the institutional review 
board (IEC 575/2016). Forty extracted human 
central incisors with similar dimensions were 
used. The teeth were cleaned and stored in 0.2% 
sodium azide (Millipore Sigma) at 4° C until 
the experiment. The teeth with carious lesions, 
cracks or fractures (examined using magnifying 
loupes) were eliminated. Buccolingual and 
mesiodistal radiographs were taken to confirm 
the presence of a single canal and to demonstrate 
that the teeth had similar internal anatomy. The 
mesiodistal and buccolingual dimensions of 
the teeth were determined at cementoenamel 
junction (CEJ) by using a gauge and teeth with 
similar dimensions was used in the study. 
The teeth were decoronated at CEJ 
using a water-cooled diamond disc (Horico 
Dental) at low speed, and the length of the 
root was standardized to 16 mm. Ten teeth 
were randomly selected as negatives controls, 
in which no further treatment was performed. 
For the remaining 30 teeth, apical patency was 
established using #10 K file (Mani Inc.).  The 
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working length was established by inserting 
a No.10K file into each root canal until it was 
just visible at apical foramen (observed under 
magnifying loupes); and by then subtracting 1 
mm from this length. Subsequently, canals were 
prepared to size F5 using Protaper instruments 
(Dentsply Maillefer). Irrigation was performed 
with 5 ml of 2.5% NaOCl (Vista Dental Inc) 
between each instrument change for one minute 
followed by 5 ml of 7% maleic acid (KMC 
Pharmacy) for one minute. Finally the canals 
were flushed with 5 ml of PBS solution (pH 7.4) 
for one minute [23,24]. 
All the irrigation was performed using 30 
gauge side vented needle (Vista Dental Inc, USA) 
placed 1-2 mm short of working length. Then 
the specimens were randomly divided into three 
groups (n= 10), according to the obturation 
material used. Group I- positive control (no root 
canal filling); Group II- ProRoot MTA (Dentsply 
Sirona, Tulsa Division); Group III- OrthoMTA III 
(BioMTA, Daejeon, Korea). 
In group II and III, MTA powder was mixed 
following the manufacturer’s instructions. MTA 
was then be inserted into the root canals using 
MTA carrier and condensed incrementally using 
pluggers leaving the coronal 2 mm of the canal 
unfilled.  A glass slab was used to prevent the 
extrusion of MTA from the apex. All the teeth 
were radiographed to verify the homogeneity 
of the fillings. Coronal access cavities were then 
sealed with glass ionomer cement (Fuji II, GC 
Inc) and the specimens were stored at 37o C and 
100% relative humidity for 48 h. 
Periodontal ligament (PDL) simulation 
was performed by the modified method of 
Soares et al. [25] The roots were coated with 
a thin layer of moulding wax of 0.3-0.5 mm 
thickness up to 2.0 mm below the CEJ. The 
roots were then embedded in polystyrene resin 
(Dentsply) using polyvinyl chloride cylinders 
(PVC). After resin polymerization, the teeth 
were removed from the PVC cylinders, and the 
wax was removed from root surface and resin 
cylinder using hot water. The resin cylinders 
were then filled with a polyether impression 
material (3M ESPE) using a syringe and the 
roots were then re-inserted into their respective 
cylinder ‘sockets’ to simulate the periodontal 
ligament. Excess of the impression material was 
removed using a scalpel blade. The specimens 
were mounted in a universal testing machine 
(Instron 3366, Instroncorp). Vertical loads were 
transmitted to the roots using a 4-mm-diameter 
steel ball attached to a steel cylinder fitted on 
to the universal testing machine. Each acrylic 
block with its embedded root was fitted on a 
steel jig in a central position in such a way that, 
the steel ball could descend onto the center of 
the coronal root end and contact the radicular 
dentin without contacting the filling material. 
The maximum force leading to fracture was 
recorded in Newton (N) and the data was 
statistically analyzed.
Six single rooted maxillary central incisors 
were selected and root canal preparation was 
performed in a similar way to that of fracture 
resistance testing. Then the teeth were randomly 
divided into two groups (n = 3) based on 
obturating material used. In group I, root canals 
were obturated with ProRoo MTA and in group 
II, root canals were obturated with OrthoMTA 
III in a similar way to that of fracture resistance 
testing. All the specimens were stored at 37o 
C and 100% relative humidity for 48 h for the 
complete set of the cement. Each root was then 
horizontally sectioned with a slow-speed, water-
cooled diamond saw (Isomet 2000; Buehler) to 
produce discs of approximately 2 mm thick per 
specimen. Then each slice was further cut into 
two halves with the help of an orthodontic wire 
cutter (Hu-Friedy). Care was taken to avoid the 
displacement of the obturating material from 
the root canal walls. These semicircular sections 
were then dehydrated using ascending grades 
of ethyl alcohol (25%, 50%, 75% and 100%) 
for 15 min. The samples were then mounted 
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on metallic stubs, gold sputtered using an ion 
sputter, and interface of the root canal wall and 
the obturation material was examined under 
SEM (JEOL) at X10000 and 10KV to observe for 
the intratubular biomineralization.
Group comparison was done using Kruskal 
Wallis test and inter group comparison was 
performed using Mann Whitney test with SPSS 
software (SPSS Inc.). The significance level was 
preset at α = 0.05.
RESULTS
Fracture resistance testing
The mean value of fracture resistance for 
OrthoMTA III was found to be the maximum 
and the positive control group had the minimum 
value (Table I and Figure 1). Kruskal Wallis test 
revealed that there was a significant difference 
between experimental groups tested (p < 0.001). 
On intergroup comparison using Mann Whitney 
test, positive control group demonstrated the 
least fracture resistance, while OrthoMTA III 
group showed the highest fracture resistance. 
There was no significant difference between 
negative control group and ProRoot MTA group 
(p = 0.821).
SEM evaluation
The scanning electron microscopic images 
of root canals obturated with OrthoMTA III 
showed formation of apatite crystals densely 
packing the dentinal tubules. On the other 
hand, root canals obturated with ProRoot 
MTA showed the minimum dentinal tubular 
biomineralization with apatite crystals sparsely 
clogging the dentinal tubules (Figure  2).
Mode of fracture
Representative samples showing different 
mode of fractures in all the experimental groups 
are shown in Figure 3. In the positive control 
group, five samples had incomplete oblique 
fracture and the remaining five samples had 
complete oblique fracture. In the negative 
control group, 8 specimens had incomplete 
oblique fracture and 2 specimens had complete 
oblique fracture. In ProRoot MTA group, 8 
specimens had complete oblique fracture and 2 
specimens had incomplete oblique fracture. In 
OrthoMTA group, 8 specimens had incomplete 
oblique fractures and 2 specimens had complete 
vertical root fracture. 
Table I - Mean and Standard Deviation values of fracture 
resistance of different experimental groups.
Figure 1 - Mean fracture strength of teeth obturated with 
different types of MTA cements.
Similar superscript letters in the column indicate that there 
was no statistical difference between the groups, different 










10 122.565a 20.321 105.760 172.640
Negative  
control
10 355.415b 50.004 250.220 410.220
Proroot MTA 10 365.494b 88.588 249.590 514.400
OrthoMTA III 10 608.776c 123.947 488.490 928.610
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Figure 2 - Representative high resolution scanning electron 
microscopy images of biomineralization of dentinal tubules in 
teeth obturated with OrthoMTA III and ProRoot MTA cements. 
In orthoMTA III group, the dentinal tubules were densely packed 
with petals like precipitate of minerals (thick arrow). In ProRoot 
MTA group, there were minimal precipitated crystals within the 
dentinal tubule (thin arrow).
Figure 3 - a-d Representative samples showing different mode 
of fractures. a) Incomplete vertical root fracture; b) Complete 
vertical root fracture; c) Incomplete oblique root fracture; d) 
Complete oblique root fracture.
DISCUSSION
The results of the present study 
demonstrated that, fracture resistance of teeth 
obturated with OrthoMTA III was much more 
when compared to ProRoot MTA. Hence, the null 
hypothesis stating that there was no influence 
of both the obturating materials on the fracture 
resistance of root canal treated teeth has to be 
rejected. Fracture resistance of endodontically 
treated teeth has been studied extensively by 
various in-vitro studies [26-28]. In the present 
study, the better performance of OrthoMTA 
III may be attributed to the different setting 
mechanism between the two cements.
During the OrthoMTA III setting reaction, 
high pH will be decreased to almost neutral 
value. As the result of this reaction, enough end 
product of water (H2O) can be produced and 
supply the humidity to dentin through dentinal 
tubules. The toughness of dentin in the hydrated 
state is significantly higher than in the dehydrated 
state [29].  Earlier studies have suggested that, 
the fluid filled dentinal tubules could function 
to hydraulically transfer and dissipate the 
occlusal forces applied to teeth [30,31]. From 
the perspective of theoretical mechanics, the 
structural stability of dentine is a function of 
mineralization and of moisture content [32]. 
The presence of water in the hydrated dentine 
resulted in a stress strain response characteristic 
of tough material, while the loss of free water 
resulted in stiffening and response characteristic 
of brittle material [33].
The removal of the pulp, pathological and 
iatrogenic changes to dentin, and the rate limiting 
barrier to fluid by enamel and cementum should 
logically affect the degree of hydration over time. 
Approximately 75% of the water in dentin is in the 
tubules and the remainder is in the mineralized 
matrix [34]. It was also shown that, rehydration 
of dentin can completely reverse the dehydration 
induced strains and water level in dentine. The 
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water lost during this dehydration process was 
mostly the ‘free’ or ‘loosely’ bound water that fills 
the dentinal tubules and the root canals [35,36]. 
It is important to realize that, the free water that 
fills the dentinal tubules and root canal lumen 
can form a three dimensional interconnecting 
channel system of water, which along with the 
hydrostatic pressure creates a preexisting tensile 
stresses and strains in the loading direction, 
which counteracts the compressive loads due to 
biting acting on the bulk dentin structure [37].
Long time calcium hydroxide [Ca(OH)2] 
intracanal medicament will weaken the dentin 
dramatically and cause the root fracture [38]. 
One of end products of hydration of MTA is 
Ca(OH)2. Initial pH of ProRoot MTA is 12.5. 
This high alkaline pH is enough to dissolve 
the collagen matrix of the dentin. In vitro, the 
humidity condition and high pH is sustained for 
a long time. However, in-vivo environment, high 
pH value will decrease due to CDHA formation in 
the presence of phosphorous ion in the body fluid. 
Hydration equation of OrthoMTA III consumes 
Ca(OH)2 and finally pH will be decreased to 
neutral. Therefore, it may prevent the weakening 
of dentin after its application. 
Another reason for the better fracture 
resistance of OrthoMTA III when compared to 
negative control and ProRoot MTA groups may be 
due to the interfacial bonding between MTA and 
root canal dentin walls. OrthoMTA III showed 
the better biomineralization effect under current 
conditions. This enhanced biomineralization 
effect may induce the stronger interfacial 
bonding. In both the experimental groups, petals-
like precipitates were formed within the dentinal 
tubules. However, the amount of precipitate was 
higher with OrthoMTA III group when compared 
to ProRoot MTA. This finding could be attributed 
to the small particle size (nono size) of OrthoMTA 
III which would have contributed to induce 
more stable precursors for guiding an effective 
diffusion of the ions than the higher molecular 
weight particles of ProRoot MTA [39]. Also, the 
nano particle size of OrthoMTA III provides initial 
advantages in compressive and flexural strengths 
[40]. The better fracture resistance of specimens 
obturated with OrthoMTA III was also seen with 
respect to the mode of fracture. The majority of 
the specimens in the OrthoMTA III group had 
incomplete oblique root fracture demonstrating 
a better interfacial bonding of OrthOMTA III 
cement to the root canal walls, when compared 
to ProRoot MTA, in which majority of the samples 
had complete oblique root fracture.
PDL is an important structure for 
distribution of stresses to the teeth generated by 
occlusal load [41]. Hence, simulation of the PDL 
plays an essential role in the fracture pattern. 
In the present study, to simulate the clinical 
scenario, a PDL simulation model was employed 
as suggested by Soares et al. [42] Acrylic resin 
was used as the embedding material for the 
teeth since it has been shown to be capable of 
reproducing the bone to withstand compressive 
and tangential forces during mastication. A light-
body condensation silicone impression material 
was used to simulate the periodontal ligament, 
since its modulus of elasticity is close to that of 
human PDL [43]. 
In the present study, PBS pretreatment 
before final obturation was performed to 
enhance the intratubular mineralization of 
both the MTA cements. It has been reported 
that, the preconditioning with the phosphate 
ions derived from PBS induces the nucleation 
formation, which is known as polymer-induced 
liquid precursor (PILP) process and enhance the 
formation of the prenucleation cluster and its 
subsequent crystal growth [44]. Phosphate ions 
in PBS are considered to make the intratubular 
environment even more labile in PILP process, 
and enhance the formation of the prenucleation 
cluster and its subsequent crystal growth. 
Different studies have used varying 
techniques of transmission of force to the teeth 
[45-48]. In the present study, the technique 
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published by Madarati et al. [49] was employed, 
in which a 4-mm-diameter steel ball attached to a 
steel cylinder was used to create a wedging effect 
eventually leading to fracture of the teeth.
Standard irrigation protocol of NaOCl and 
a chelating agent to remove the smear layer 
formed during instrumentation was employed in 
this study [50]. However, 7% maleic acid (MA) 
was used to remove smear layer instead of 17% 
EDTA which is commonly used chelating agent 
because, various studies have demonstrated that, 
7% MA removes canal wall smear layer more 
efficiently than 17% EDTA [51,52]. 
CONCLUSION
From this study, the following conclusions 
were drawn:
1. Root canals obturated with OrthoMTA 
III had better fracture resistance and increased 
tubular biomineralization than ProRoot MTA;
2. Endodontically treated teeth which 
needs reinforcement can be obturated with 
OrthoMTA III.
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